However, to our knowledge, a study using a large database or analyzing a variety of hand conditions has not been conducted. In this study, we identify the effects of the 2008 Recession on the surgical treatment volumes of five common hand conditions, and hypothesize that volumes for elective hand surgery procedures, such as carpal tunnel releases, will correlate with the economy because people may postpone their surgical treatment when economic conditions are uncertain.
PATIENTS AND METHODS

Database
We obtained data from the California State Ambulatory Surgery Database of the Healthcare Cost and Utilization Project from January of 2005 to December of 2011, which includes the entire period of the Great Recession (December of 2007 to June of 2009), and abstracted the monthly volumes of five common hand procedures. The database was created and is maintained by the Agency for Healthcare Research and Quality, and the data include information on all payments, costs, and practice patterns for encounter-level data for all outpatient services. 16 
Study Samples and Variables
We selected the five most frequently performed hand surgery procedures in the California State Ambulatory Surgery and Services database. In order of descending frequency, they were as follows: carpal tunnel release, trigger finger release, cubital tunnel release, distal radius fracture, and surgery for arthritis of the basilar joint of the thumb. All of these conditions, except for distal radius fracture, are chronic hand conditions. In general, surgical treatment for chronic conditions, including carpal tunnel syndrome, trigger finger, cubital tunnel syndrome, and surgery for arthritis of the basilar joint of the thumb is elective. However, because distal radius fracture is an acute traumatic condition, thereby requiring treatment, we expect its surgical volume not to be affected by the economic environment.
We extracted claims from the databases using [17] [18] [19] [20] We also abstracted yearly data on payment type for each procedure (Medicare, Medicaid, standard insurance, self-pay, workers' compensation, and others (including the Civilian Health and Medical Program of the Uniformed Services, the Civilian Health and Medical Program of the Department of Veterans Affairs, Title V, and other government programs). These are the five hand conditions that are most often covered by workers' compensation. 12, 21 We used the unemployment rate as an indicator for national economic health based on methods used by other similar articles found in our literature review. 5, 22, 23 The unemployment rate is also used as an indicator of macroeconomic health in economic research. The monthly unemployment rate was obtained from the U.S. Bureau of Labor Statistics.
1
Statistical Analysis
We used descriptive statistics to examine monthly and annual procedural volumes between 2005 and 2011. We estimated the association between unemployment rate and the volume of the five procedures by using the Pearson correlation coefficient. Moreover, we wanted to know whether the association would be different after the Great Recession, so we estimated the association between unemployment rate and the procedural volume before and after 2007. In addition, because payment type may be another factor that influences volume, we examined the annual percentage of procedures using each payment type. All statistical tests were two-sided and performed at a 5 percent level of significance. All analyses were performed using SAS, version 9.4 (SAS Institute, Inc., Cary, N.C.).
RESULTS
The total number of operative cases was 345,583 (carpal tunnel syndrome, n = 187,971; trigger finger, n = 71,605; distal radius fracture, The monthly procedural volumes were compared to the monthly U.S. unemployment rate (Table 1) . Carpal tunnel syndrome, trigger finger, cubital tunnel syndrome, and surgery for arthritis of the basilar joint of the thumb procedural volumes showed an inverse correlation with the unemployment rate. Chronic conditions, such as carpal tunnel syndrome and cubital tunnel syndrome, showed relatively strong relationships with the economic indicators (r = −0.88 and r = −0.68), whereas surgery for arthritis of the basilar joint of the thumb procedural volume showed a weaker relationship (r = −0.45). However, distal radius fracture, which was the only acute condition among the study samples, did not show any statistical relationships with the indicator. Compared with the other procedures (Figs. 2 and 3 ), the distal radius fracture treatment volume was quite stable throughout the study period (Fig. 4) .
Among the chronic conditions that showed the strongest relationships with the economic indicator (i.e., carpal tunnel syndrome and cubital tunnel syndrome), we conducted subgroup analyses. These volumes were considered in relation to the U.S. unemployment rate before and after the Great Recession occurred, and found that the economic indicator showed much stronger relationships with procedural volumes after the recession occurred (Table 2 ). This means that the chronic, elective hand surgery volumes become more sensitive to the U.S. economy during periods of economic recession.
The annual rate of payment types for all study samples are shown in Appendix 2. The overall trends in transactions were quite similar among the conditions, represented by carpal tunnel release payment transition (Fig. 5) . During the study period of 2005 to 2011, Medicare (from 23.6 percent to 32.1 percent; 8.5 percent increase for carpal tunnel syndrome) and Medicaid (from 
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Plastic and Reconstructive Surgery • February 2019 4 .0 percent to 6.5 percent; 2.5 percent increase for carpal tunnel syndrome) payments increased gradually, whereas payments for workers' compensation/others decreased for carpal tunnel syndrome (from 34.1 percent to 19.7 percent; 14.4 percent decrease).
DISCUSSION
Macroeconomic events have a far greater impact on the field of hand surgery than previously thought. [12] [13] [14] 24 In this study, we found that, in California, most common hand procedural volumes correlated significantly with the unemployment rate, which can be used to estimate the macroeconomic environment. Although the average surgical cost of these procedures is relatively low, a major change in volume can affect surgical revenue. Distal radius fracture surgery was an exception. Despite the possibility that, in some cases, patients could have opted for less expensive conservative treatment over open reduction volume, distal radius fracture surgical procedures did not show a significant statistical relationship with the economic conditions. This indicates that surgical volumes for acute traumatic conditions may have some degree of economic resistance.
The degree to which the recession affected elective hand procedures was not consistent across conditions. Surgery for arthritis of the basilar joint of the thumb procedural volume was less affected by economic decline compared with the other chronic conditions, despite its higher than average surgical cost. We hypothesize that this may be because surgery for arthritis of the basilar joint of the thumb had the highest proportion of patients on Medicare. Because patients must be age 65 years or older to qualify for Medicare coverage, this procedure would also most likely have had the highest proportion of retirees, who are largely unaffected by unemployment rates. In contrast, conditions such as carpal tunnel syndrome or cubital tunnel syndrome often develop in relatively younger individuals. At times of economic downturn, young people-especially those who are working in manual labor-may have insurance with higher out-of-pocket costs or that is not as widely accepted. This may contribute to the strong correlation demonstrated with those procedures. This is consistent with findings for other procedures. For example, Klein et al. reported in their research that out-of-pocket cost was the main reason for cancellation of total joint replacement surgery during the Great Recession. 9 In addition, Ennis et al. reported that critical care such as cancer treatment may be delayed or ignored for financial reasons. 5 Delays in treatment can have deleterious impacts on productivity and an individual worker's health. 5, 25 For example, postponing the surgical treatment of a nerve compression disorder 
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may lead to the inability to perform of manual labor and irreversible nerve damage. Foley and Silverstein 26 reported in their research that carpal tunnel syndrome patients had decreased productivity and musculoskeletal functions for at least 6 years, and several studies have shown that early diagnosis and treatment intervention without financial concerns can reduce the return-to-work period. [27] [28] [29] Ensuring the availability of affordable, widely accepted health insurance can reduce treatment delays in all areas of medicine. Potentially also contributing to treatment delays, we found that the use of workers' compensation gradually declined during the study period. This may indicate that employees are less likely to pursue treatment for a work-related condition for fear of lost productivity and potential income. This may be in part because of the difficulty of attributing chronic hand conditions to work duties. Chronic hand conditions, such as carpal tunnel syndrome, appear over time rather than immediately after a single traumatic incident in acute cases such as distal radius fracture. In addition, daily activities can also exacerbate chronic work-related conditions, causing further difficulty in proving they are work-related and therefore eligible for workers' compensation. Recognizing this, local, state, and federal agencies should enforce existing policies, and encourage early treatment intervention using workers' compensation for these chronic workrelated hand conditions, particularly during times of economic instability.
From a health system perspective, reduced revenue can be mitigated by taking advantage of the principle that increased volume reduces unit cost. Concentrating procedures at high-volume centers or even high-volume surgeons can substantially reduce per-procedure costs. Individual hand surgeons may find it prudent to coordinate with other nearby surgeons to bring the field a degree of economic resistance and reduce possible losses from economic instability or downturn. This principle has been demonstrated in a variety of plastic and orthopedic surgery procedures. Regionalization further benefits patients by taking advantage of the widely reported association between surgical volume and surgical quality. 30 This teamwork and regionalization will not only mitigate the effect of economic downturns, but also works toward the triple aim of improving the patient experience of care, improving the health of populations, and reducing the per-capita cost of health care put forth by the Institute for Healthcare Improvement. 31 There were several limitations in this study. First, chronic hand conditions, represented by carpal tunnel syndrome, are largely caused by workrelated activities; it is possible that the decrease in surgical volume was because of unemployment itself. In other words, fewer individuals are experiencing work-related carpal tunnel syndrome because fewer individuals are employed. Second, we have not established the exact relationships between economic downturn and hand surgery procedures and, instead, have used Pearson correlation statistics to evaluate associations between the monthly volume of surgical procedure and economic indicators. Other factors, such as the Affordable Care Act, passed very shortly after the Great Recession, or related health care legislation, may have affected procedural volume as well. Third, trends in surgical treatment may have changed during the study period, such as the increasing use of the volar locking plate for distal radius fracture treatment since it was introduced in 2000. 32, 33 The change might affect the surgical indication itself, leading to surgical volume changes. Third, the California State Ambulatory Surgery Database includes only outpatient claims. This means that some inpatient data, such as information on patients with severe comorbidities or multiple injuries, were not included in this study.
CONCLUSIONS
Despite these limitations, the current study provides a sound analysis of the effect of economic downturn on common hand surgery procedural volumes using the unemployment rate as a macroeconomic indicator. We found a significant relationship between hand surgery volumes and the unemployment rate, especially among elective treatment for chronic hand conditions. Policy makers and health system managers should recognize these trends and plan accordingly for times of economic decline. However, there is still room to examine the relationship between the economy and hand surgery volumes. Therefore, further research is required to evaluate exactly how much financial loss is occurring so that future resource distribution can be reconsidered. 
